INTRODUCTION
Dwarf galaxies are fundamental laboratories for cosmological, chemical evolution, synthetic stellar population and evolutionary models. These systems have been the cross-road of paramount photometric and spectroscopic investigations aimed at constraining their star formation history, chemical evolution and dark matter (DM) content. Multi-band photometry based either on ground-based mosaic CCD cameras (Carney & Seitzer 1986; Mateo et al. 1991; Smecker-Hane et al. 1996; Majewski et al. 2000; Monelli et al. 2003; Tolstoy et al. 2009; Bono et al. 2010; Stetson et al. 2011) or on space images (Monelli et al. 2010b,a; Hidalgo et al. 2013; Skillman et al. 2014) provided the opportunity to identify the faint Turn-Off in several dwarf galaxies in the Local Volume and to perform robust separation of galaxy stars from both background galaxies and foreground stars using the color-color plane in several Local Group galaxies. The kinematic investigations typically lag when compared with the photometry.
However, during the last few years the use of multi-slit and multi-object spectrographs provided the opportunity to measure the radial velocity (RV) of stellar samples ranging from a few hundreds (WLM, Leaman et al. 2013 ) to a few thousands (Fornax, Walker & Peñarrubia 2011) . These measurements are crucial to estimate the dynamical mass, and in turn to constrain the mass-tolight ratio of these intriguing systems. However, it is not clear yet whether dwarf irregulars are -at fixed total mass-less DM dominated than dwarf spheroidal (dSph, Woo et al. 2008; Sanna et al. 2010) .
Recent findings also suggest that the well studied dSphs appear to have, within a factor of two, an universal mass profile (Walker et al. 2009b; Strigari et al. 2008; Mateo et al. 1993) . Moreover, the increase in the sample size and in the RV precision provided the opportunity to identify kinematical substructures in several nearby dwarf galaxies. They have already been detected in Sextans , LeoI , Fornax and Sculptor (Walker & Peñarrubia 2011) and in Carina .
The reason why we are interested in dSphs is threefold.
(a) -Empirical evidence indicates that dSphs and ultra-faint dwarfs (UFDs) are the smallest stellar systems to be DM dominated. Therefore, they can provide firm constraints on the smallest DM halos that can retain baryons.
(b) -Cosmological models suggest that dSphs are the fossil records of the Galactic halo. Therefore, their kinematic and chemical properties can provide firm constraints on the formation and evolution of the Milky Way.
(c) -Current cosmological models indicate that the density profile of DM halos is a steep power law towards the center (cusp-profile, Navarro et al. 1997) . On the other hand, tentative empirical evidence indicates that several dSphs and Low-Surface-Brightness galaxies disclose a constant density profile (core profile, Kormendy & Freeman 2004) . The key observables to settle this open problem is the rotation curve. The cusp model has a rotation curve that increases as the square root of the radius, whereas the core model has a rotation curve that increases linearly with radius (see also de Blok 2010) . Carina is a perfect laboratory to address the formation and evolution of gas-poor dwarf galaxies. This is the tenth paper of a series focussed on the stellar populations of the Carina dSph. We have investigated the evolutionary and pulsation properties of stellar populations in Carina using homogeneous and accurate optical photometry, metallicity distributions and kinematics. The structure of the paper is as follows. In Sect. 2 we present the different spectroscopic data sets adopted in the current investigation. Special attention was paid to data reduction and calibration of the new low-resolution VIMOS spectra and to the observing strategy ( § 2.1). The approach adopted to measure radial velocities and the analysis of the radial velocity distributions are discussed in Sect. 3. Sect. 4 deals with the photometric index c U,B,I adopted to separate old and intermediate-age stellar populations along the Carina red giant branch (RGB). The radial velocity maps of the Carina sub-populations are considered in Sect. 5, while the variation (radial and angular) of the velocity profiles are addressed in Sect. 6. In Sect. 7 we perform a detailed comparison between current radial velocity distributions and recent N -body simulations provided by Lokas et al. (2015) . Finally, Sect 8 gives a summary of the current results together with a few remarks concerning the future of the Carina project.
SPECTROSCOPIC DATA SETS AND DATA REDUCTION
To constrain the Carina kinematical structure, we adopted data collected at four spectrographs mounted at the Very Large Telescope (VLT) of the European Southern Observatory (ESO). The spectral resolution of data ranges from 600 to 40,000, allowing us to obtain accurate RVs up to the horizontal branch (HB) magnitude level (V ∼21.5 mag). The overlap between different data sets allowed us to provide solid constraints on possible systematic errors. The adopted data sets and the sample of Carina stars observed are the following:
High Resolution-The high spectral resolution sample includes 79 spectra for 64 stars collected with the Ultraviolet and Visual Echelle Spectrographs (UVES, R∼40,000; Dekker et al. 2000) either in fiber (FLAMES/UVES) or in slit (UVES) mode. This data Figure 1 . Left panels-distribution of the spectroscopic targets in the V vs B -V color-magnitude diagram. From top to bottom targets with RV measurements based on high-resolution and medium-resolution spectra or available in the literature. Right panels-radial distribution of the spectroscopic targets overplotted on our Carina photometric catalog (black dots). The ellipse shows the Carina truncation radius.
set also includes 1983 spectra for 97 stars collected with three high-resolution grisms (HR10, HR13, HR14A) of the Fibre Large Array Multi Element Spectrograph multi-fiber spectrograph FLAMES/GIRAFFE (GHR, R∼20,000; Pasquini et al. 2002) . As a whole this data set mainly includes RG stars brighter than V ∼19.5 mag. The typical accuracy of the radial velocity measurements based on these spectra is better than 0.8 km s −1 for the entire sample (Fabrizio et al. , 2012b . The color-magnitude diagram (CMD) and the sky distribution of HR targets are shown in top panels of Fig. 1 .
Medium Resolution-This data set includes more than 1.6 × 10 4 spectra for 1768 stars collected with the FLAMES/GIRAFFE multi-fiber spectrograph (GMR, R∼6,500) using the grating LR08 centered on the NIR calcium triplet (middle panels of Fig. 1 ). These spectra were complemented with 772 low-resolution (R∼2,500, grisms: 1028z, 1400V) spectra for 324 stars collected with the multi-slit FOcal Reducer/low dispersion Spectrograph 2 (FORS2, Appenzeller et al. 1998) . The typical accuracy of the radial velocity measurements based on these spectra is better than 6-10 km s −1 for the entire sample . The key advantage of the current spectroscopic sample is that it covers the entire body of the galaxy also covering the regions across the tidal radius (r t =28.8±3.6 , Mateo 1998) and beyond (∼0.7
• ). Moreover and even more importantly, this sample covers a broad range in magnitudes (17.5 V 23 mag). This means a good overlap with HR spectra (60 objects), and the opportunity to trace different stellar populations: old, low-mass, helium burning stars (t ∼ 12 Gyr, Horizontal Branch stars); intermediate-age, helium burning stars (t ∼ 6 Gyr, Red Clump [RC] stars); red giants (RG) that are a mix of old and intermediateage stars (see the middle panels of Fig. 1 ).
Note that both HR and MR spectra have already been discussed by Fabrizio et al. (2011) and Fabrizio et al. (2012b) to constrain the kinematical properties of the Carina dSph. The reader interested in a more detailed discussion concerning the data reduction and the calibration of the different instruments is referred to the quoted papers.
Literature-We collected radial velocity measurements for 1506 stars provided by Walker et al. (2007) using the high-resolution (20,000-25,000) spectra collected with Michigan/MIKE fiber system (MMFS) at Magellan (see the bottom panels of Fig. 1 ). The 909 objects in common allowed us to estimate possible systematics and we found that they are quite similar, with a difference of ≈0.7 km s −1 and a standard deviation of 11 km s −1 . Low Resolution-This data set includes 2454 spectra for 332 stars collected with the multi-slit VIsible MultiObject Spectrograph (VIMOS, R∼600; Le Fèvre et al. 2003 ) using the MR-GG475 grism (4,800≤λ≤10,000Å) during Dec. 2012 and Jan. 2013 1 . This is a new data set and it is presented here for the first time. The spectra were collected with VIMOS in service mode and Table 1 gives the log of the observations. The spectra were collected in good seeing conditions, and indeed, it is on average better than 1 (see column 6) and with an airmass smaller than 1.2 . The spectra were collected with two pointings (see columns 2, 3 and 4) covering a substantial fraction of the body of the galaxy. The field of view of VIMOS is made by four quadrants of 7 ×8 each, separated by a cross shaped gap that is ∼2 wide. Special attention was pain to designing the masks of the individual pointings. We split them into deep and shallow masks. The former ones host in the four quadrants more than ∼150 slits, 0.8 wide. The bulk of the targets of the deep masks are HB and RC stars. To improve the SNR of the faint targets the same masks were repeated seven times, moreover, the two pointings partially overlap across the center of the galaxy (see the right panel of Fig. 2 ). To improve the spatial sampling, the shallow masks cover the same sky area, the bulk of the targets are RG stars, and they typically host ∼110 slits, with similar slit width. These targets are brighter and the masks have only been repeated three times.
The faint sample covers a limited range in magnitudes (20 V 21.5 mag). This means the opportunity to properly trace old (blue and red HB stars) and intermediate-age (RC stars) stellar populations. These spectra also have a good overlap with both HR (15 objects) and MR (178 objects) spectra. The left panel of Fig. 2 shows the distribution in the CMD of both the candidate field stars (cyan squares) and the candidate Carina stars (red circles) according to the kinematic selection. The right panel of the same figure shows the eight VIMOS pointings and the radial distribution of candidate field and galaxy stars. a Seeing condition at the begin and the end of exposure.
VIMOS spectra: extraction and wavelength calibration
The observed spectra were individually extracted using the following approach. We wrote a custom software in R 2 to extract the slits data from the bias corrected spectra, with the associated flat and wavelamp. The slit sky model was constructed via a row by row robust polynomial fit and then subtracted from the slit. The sky subtracted slits for the same target were combined using imcombine in IRAF 3 . The ensuing reference spectrum was extracted from the combined images using apall in IRAF. This reference spectrum was used to extract the single slit spectrum, which in turn, was also used as a reference in the apall procedure to extract the associated sky and the associated wavelength lamp. The wavelength calibration of the spectra was performed using identify-reidentify IRAF tasks. Subsequently, every sky spectrum was cross-correlated with a synthetic sky radiance spectrum computed using SkyCalc 4 , and the shift in wavelength was applied to the target spectra. To overcome possible systematics on radial velocity measurements caused by non optimal centering of the star in the slit, we cross-correlated the star spectra with a synthetic sky transmittance spectrum over the wavelength range 7550-7750Å, and the shift in wavelength applied accordingly. In particular, we used telluric absorption lines in the Fraunhofer A band (7167-7320Å, 7593-7690Å) to correct for possible star miscentering in slit (e.g., Sohn et al. 2007) . A synthetic transmittance spectrum is cross correlated with the star spectrum, in the wavelength range of the Fraunhofer A band, essentially the star is used as a lighthouse with the incoming light affected by the Earth also through atmospheric telluric absorption. The telluric feature positions and line shapes are pressure and wind dependent (e.g., Griffin 1973) , however, they cause variations of the orders of tens of m s −1 , i.e., well below the errors in our observations.
To validate the precision of the approach adopted to reduce and calibrate low-resolution spectra, the black dots plotted in Figure 3 show the VIMOS spectra of four stars ranging from a relatively bright Red Giant star (RG, V =17.74 mag, panel a) to a fainter Red Clump star (RC, V =20.27 mag, panel b) and to even fainter red and blue HB stars (RHB, BHB, panels c and d) located at V =20.69 and V =20.84 mag. Note that the quoted figure shows the wavelength regions located around the strong Hα line (λ=6562.8Å) and the regions around the Ca II triplet for cool and warm targets and the HPaschen lines for the hotter RHB and BHB stars. This means that we can fully exploit the large wavelength range covered by VIMOS spectra in dealing with stars covering a broad range of effective temperatures and surface gravities.
To further constrain the plausibility of the current approach Figure 3 shows also the comparison with synthetic spectra (red solid lines, see Sect. 3). To improve the precision of the RV velocity measurements, the synthetic spectra were degraded to the VIMOS spectral resolution using a Gaussian kernel and added noise to reach the typical signal-to-noise ratio of observed spectra. The main outcome is that the accuracy of the RV measurements based on VIMOS spectra range from better than for the faintest sources in our sample. This evidence becomes even more compelling if we account for the total exposure time adopted, namely 7.5 hours per pointing and each pointing including, on average, 260 targets.
RADIAL VELOCITY MEASUREMENTS
The radial velocity measurements were performed for each target on individual spectra, instead of measuring the radial velocity of the co-added spectrum. The latter was the approach adopted in Fabrizio et al. (2011 Fabrizio et al. ( , 2012a to determine the radial velocity of both high-, medium-and low-resolution spectra. The current measurements are based on a new procedure performing an automatic cross-match between the observed spectrum and a synthetic one. The change in the data analysis strategy was motivated by the fact that the low-resolution spectra collected with VIMOS (R∼600) have a limited number of isolated and un-blended spectral features that can be safely adopted to provide accurate and precise radial velocity measurements. The adopted synthetic spectra were extracted from the Pollux Database 5 (Palacios et al. 2010) , with stellar parameters of typical RGB, RC, red HB and blue HB stars. This means that we selected a grid of models with the following input parameters: T eff =[5000, 5500, 6500, 7500] K, log g=[0.5, 2.5, 2.5, 2.5] dex, a stellar mass equal to 1 M and spherical geometry. Moreover, the above models where computed at fixed chemical composition, [Fe/H]=-1.50, and [α/Fe]=+0.40. The reader interested in detailed discussion concerning the iron and the α-element distribution of old-and intermediate-age sub-populations is referred to Fabrizio et al. (2015) . The models were degraded to VIMOS spectral resolution using a Gaussian filter with the typical signal-to-noise ratio of observed data (∼10-50). We performed a number of tests using models covering a broader range in input parameters and we found that the radial velocity measurements are minimally affected by plausible changes (∆T eff =300 K, ∆log g=0.2 dex, ∆[Fe/H]=0.2) in the adopted synthetic spectra.
Specifically the automatic procedure performs a Least Squares minimization of the residual between observed spectrum and synthetic spectra. We performed a number of tests with medium-and high-resolution spectra degraded at the spectral resolution of VIMOS spectra and we found that the typical precision of the current radial velocity measurements is systematically better than 12 km s −1 for both cool and warm targets. Note- Table 2 is published in its entirety in the electronic edition of the Astronomical Journal. A portion is shown here for guidance regarding its form and content. a Adopted spectrographs: 1=UVES; 2=Gir-HR; 3=Gir-LR; 4=FORS2; 5=VIMOS; 6=MMFS b Stellar population flags: 0=Field candidates; 1=Old RGB candidates; 2=Intermediate RGB candidates; 3=Horizontal Branch; 4=Red Clump
Validation of radial velocity measurements
In order to validate the new radial velocity measurements based on VIMOS spectra, we performed a series of comparisons with radial velocities measured on mediumand high-resolution spectra. The left side of panel a) in Fig. 4 shows the comparison between VIMOS measurements and those based on high-resolution spectra (nine stars common) as function of the visual magnitude. The right side of the same panel displays the distribution of the residuals. The panel b) displays similar comparison and distribution as in panel a), but for the 36 GHR stars in common. Although the number of objects in common is smaller than four dozen and relatively bright, the residuals are quite small and symmetric. The mean (biweight, Beers et al. 1990 ) difference is <0.7 km s −1 , while the standard deviation is 7-8 km s −1 . Panels c) and d) display the difference with radial velocities based on medium-resolution spectra (GMR, FORS2). The VIMOS sample has 178 stars in common with the GMR sample (black dots) and among them 166 stars are, according to the selection criteria discussed in Sect. 3.2, candidate Carina stars (red dots). The objects in common with FORS2 are 43 and among them 41 are candidate Carina stars. In this case, the mean difference is, on average of the order of 2 km s −1 , while the standard deviation is ∼15 km s −1 (see labelled values for the different sub-samples).
The last panel e) shows the comparison between radial velocity measurements based on VIMOS spectra and similar measurements available in the literature from Walker et al. (2007) . The quoted sample has a large number of objects in common, 145 stars, ranging from the tip of the red giant branch down to red clump stars. The mean difference is, once again, minimal (<1 km s −1 ) and the residuals are symmetrical. Thus suggesting the lack of systematics in radial velocities based on lowresolution VIMOS spectra.
It is noteworthy that the procedure we devised to calibrate VIMOS data, as described in Sect. 2.1, has substantially improved and reduced the differences between VIMOS radial velocities with similar measurements, but based on higher resolution spectra (see Fig. 4 ). In particular, the quoted differences increase by a factor of ten, and the dispersion increases by a factor of three, if the wavelength calibration of VIMOS spectra was only based on lamps. The improvement mainly relies on the procedure adopted to extract and to correct for slit centering, i.e. by performing the cross-match with radiance and transmittance sky spectra, respectively.
To further validate the RV measurements based on VI-MOS spectra, and in particular the possible occurrence of systematics as a function of magnitude and spectral type, Fig. 5 shows the RV errors ( RV) as function of both V magnitude (panel a) and B -I color (panels b) and c)). Note that to overcome the color overlap between different stellar sub-groups, the panel b) mainly shows RGB stars brighter than V ∼20 mag, while the panel c) mainly shows HB and RC stars fainter than and the typical steady increase in the faint limit. The same outcome applies to the RV errors as a function of color (panels b) and c)), since their distribution, within the errors, is similar for blue (B -I <0.4 mag) and red (B -I >1.5 mag) spectroscopic targets. Moreover, the above results apply, as expected, to both field and galaxy stars. These finding allow us to end up with a robust and homogeneous catalog of RV measurements. Table 2 lists the radial velocity measurements of the entire spectroscopic sample. Columns 1-3 give the identity and coordinates of the stars, while columns 4-6 give the magnitudes in V , B , I and relative errors (from Bono et al. 2010; Stetson et al. 2011) . The mean RVs are listed in column 7 with their measurement errors, while column 8 gives, for each, target the spectrographs adopted to collect the spectra. In the last column is given a stellar population flag according to the V vs c U,B,I plane and to the CMD (see Fig.8 ). Table 3 . The parameters of multi-Gaussian fit of the RV distribution in the form: a Gaussians adopted to field the RV distribution of candidate field stars.
b Broad and narrow Gaussians adopted to fit the RV distribution of candidate Carina stars. c Broad and narrow Gaussians adopted to fit the RV distribution of candidate Carina stars after the random cleaning of candidate field stars.
The occurrence of binary stars among RG stars in dSph galaxies is a highly debated topic and their impact on the RV dispersion ranges from a sizable effect (Queloz et al. 1995) to a modest error (Olszewski et al. 1996; Hargreaves et al. 1996 ) when compared with the statistical error. However, in a recent investigation Minor et al. (2010) found, by using a detailed statistical approach, that dSph galaxies with RV dispersions ranging from 4 to 10 km s −1 can be inflated by no more than 20% due to the orbital motion of binary stars. The key advantage of the current sample ) is that a significant fraction of stars in our sample have spectra collected on a time interval of more than ten years. Therefore, the current RV measurements are less prone to significant changes caused by binary stars. Moreover, the conclusions of the current investigation are minimally affected by a possible uncertainty of the order of 20% in the RV dispersion.
Radial velocity distribution
On the basis of our spectra (HR, MR, LR spectra) we ended up with homogeneous radial velocity measurements for 2112 stars. The entire sample of RV measurements (our plus literature) includes 2748 stars. We applied a 4σ selection criterium (180<RV<260 km s −1 ) and ended up with 1389 RV measurements of candidate Carina stars. The histogram plotted in the inset of Fig. 6 shows the radial velocity distribution of candidate field and Carina stars. To overcome subtle problems in constraining their RV distribution caused by the binning of the data, we associated to each star a Gaussian kernel with a σ equal to its intrinsic error on the RV measurement. The black solid curve was computed by summing all the Gaussians over the entire RV range. A glance at the quoted distribution shows a clear separation between candidate field and Carina stars. However, the criterium adopted for selecting candidate Carina stars, only based on the σ of the RV distribution, might be affected by a possible bias. The high radial velocity tail of candidate field stars might attain RVs similar to the truly Carina stars. To overcome this problem we performed a global fit of the radial velocity distribution using six Gaussians. The number and the positions of the Gaussians are arbitrary and they were selected to minimize the residuals over the entire velocity range. Among them, four were used to fit the RV distribution of candidate field stars and two for the RV distribution of candidate Carina stars. Table 3 lists the adopted parameters for the multi-Gaussian fits.
In order to test the plausibility of the separation between field and galaxy stars, the anonymous referee suggested to compare the current radial velocity distribution with the Besançon Galaxy model 6 (Robin et al. 2003) . We randomly extracted from a complete simulation of 0.45 square degrees around the Carina coordinates a number of stars similar to our sample of candidate field stars (∼1360). The same extraction was repeated 100 times to take account of the limited area covered by the current spectroscopic sample and we computed their mean radial velocity distribution and their standard deviation. Predictions from the Besançon Galaxy model were plotted as a gray shaded curve in Fig. 6 . The agreement between theory and observations is quite good over the entire velocity range of field stars (-20 RV 180 km s −1 ). There is a mild excess of predicted stars in the low radial velocity tail (RV 30 km s −1 ), but this appears as a minor problem, since we did not apply any local normalization. On the other hand, the predicted high tail vanishes for radial velocities larger than 150 km s −1 . Thus suggesting that we are minimally overestimating the possible contamination of field stars within the main Carina peak. However, the above differences are within the current theoretical and empirical uncertainties (Czekaj et al. 2014) .
To further constrain the quoted contamination, the left panel of Fig. 7 shows a zoom of the RV distribution across the Carina peak. The asymmetry in the Carina RV distribution has already been discussed by Fabrizio et al. (2011) . Here we only mention that the main peak and the σ attain values (220.74±0.28 km s −1 , σ=10.5 km s −1 ) that agree quite well with previous estimates. Moreover, the individual Gaussians (see also Table 3 ) clearly indicate that the broad component is mainly responsible of the asymmetry in the RV distribution, while the narrow one is mainly shaping the RV peak. Once again, the number and the analytical functions adopted to perform the fit of the main peak are arbitrary and they were selected to minimize the residuals. The cyan area plotted in the bottom of the RV distribution shows the possible contamination of candidate Carina stars. We estimated a contamination of 135 field stars over a sample of 1389 candidate Carina stars. They were randomly extracted ending up with a catalog of 1254 candidate Carina stars. Figure 6 . Global radial velocity distribution of the entire spectroscopic sample. The inset shows the histogram of the radial velocity measurements. The black solid line shows the smoothed radial velocity distribution using the Gaussian kernel. The dashed curves display the four Gaussians adopted to fit the candidate field stars, while the dashed-dotted curves show the two Gaussians adopted to fit the candidate Carina stars. The light blue dotted line shows the sum of the six Gaussians. The grey shaded curve shows the predicted mean radial velocity distribution, with the 3σ error bar, based on the Besançon Galaxy model (see the text for more details, Robin et al. 2003) . Left-Smoothed radial velocity distribution of candidate Carina stars (black curve). The dashed-dotted curves display the two Gaussians adopted to fit the RV distribution, while the light blue dotted curve their sum. The three arrows mark the peaks in radial velocity and the values are also labelled (see also Tab. 3). The cyan area discloses the possible overlap between candidate field and Carina stars. Right-Same as the left panel, but after the random cleaning of field star contaminants (black curve). See text for more details. The right panel of Fig. 7 shows the RV distribution of the candidate Carina stars after the subtraction of possible contaminants. We performed a series of Monte Carlo simulations in which we randomly extracted 135 contaminants among their candidate Carina stars. The RV distribution plotted in Fig. 7 is the mean over 100 . Iso-contours of old (left, ∼2880 stars) and intermediate-age (middle, ∼3760 stars) stellar populations, selected using the photometric criteria showed in Fig. 8 . The black contours plotted in the right panel display the spatial distribution of the entire sample (36100) of candidate Carina stars (see, e.g., Bono et al. 2010 ). The cyan ellipse shows the Carina core radius. The adopted numbering for quadrants is also labelled. independent extractions. Note that both the global fit and the individual Gaussians, due to the sample size and radial velocity precision, are minimally affected by the inclusion/exclusion of the possible contaminating field stars. The parameters of the final Gaussian fit are also listed in Table 3 together with their uncertainties. The uncertainties are the standard deviations of the fits over the 100 samples of cleaned RV distributions. In passing, we note that the broad and the narrow Gaussians display a difference in the peak of 1 km s −1 , while the σ of the former one is almost a factor of two larger than the latter one. This suggests that the two quoted components appear to trace stellar populations characterized by different kinematic properties.
In passing, we note that in a detailed photometricbased on DDO photometry-and spectroscopic investigation, Majewski et al. (2005) found evidence of possible contaminants from the Large Magellanic Cloud at radial distances of the order of few degrees from the Carina center. We did not check for these foreground stars, since the current kinematic investigation is limited to stars located inside the Carina tidal radius. We plan to perform a detailed search for foreground stars and for extra-tidal Carina stars (Muñoz et al. 2006 ) in a forthcoming investigation (Fabrizio et al. 2016 , in preparation).
PHOTOMETRIC SELECTION
The optical V , B -I color-magnitude diagram of Carina offers the opportunity to easily identify several evo- Monelli et al. (2013) . This index allow us, for the first time, to separate the two main subpopulations of Carina (old, intermediate-age) along a significant portion of the RGB (Monelli et al. 2014) .
The right panel of Figure 8 shows the Carina brightest portion in the V , c U,B,I diagram. The colored symbols display the kinematical selected stars and the different colors are related to different evolutionary phases and ages. The black dashed line shows the edge between old (red) and intermediate-age (blue) RGB stars, and its location was fixed following Monelli et al. (2014) . The red and blue symbols mark also the positions of HB (V =20.75, c U,B,I =−1.5/0 mag) and RC (V =20.5, c U,B,I =−1.6/ − 1.5 mag) stars, respectively. The isocontour of sky distributions for these two stellar components, and of the total sample as well, are shown in Fig. 9 . The link between the red and the blue RGB stars with the old and the intermediate-age stellar population has been discussed in detail in Monelli et al. (2014) and in Fabrizio et al. (2015) . However, previous considerations were mainly based on photometric properties and leading evolutionary arguments concerning their distribution along the RGB and the ratio between old and intermediate-age Carina stellar populations. Here, we take advantage of the new homogeneous and accurate RV measurements, including a sizable sample of solid tracers of the old stellar population, to further validate the c U,B,I index.
The top panel of Fig. 10 displays the RV distribution of candidate intermediate-age RGB stars (blue shaded area), while the bottom panel shows the same distribution but for candidate old RGB stars. Quantitative constraints based on the χ 2 of the two RV distributions indicate that they are different at the 99% confidence level. In particular, we found that the old component attains similar (after bi-weight cleaning) mean RV (µ∼221 km s −1 ), but larger RV dispersion (σ=11.7 km s −1 ) compared with the intermediate-age one (σ=9.7 km s −1 ). To further validate the above difference, we performed several numerical simulations in which we randomly extracted from the intermediate-age RGB sub-population (682 stars) the same number of stars (219) included in the old RGB sub-population. We found that the sample size does not affects the difference between the two sub-populations, indeed the mean over the 100 experiments gives a mean RV of 220.6 km s −1 and RV dispersion of 9.6 km s −1 . Interestingly enough, we found a similar difference in mean RV and RV dispersion values between HB stars (pure old component) and RC stars (pure intermediate-age component). The latter component has a mean RV of 219.9 km s −1 and a RV dispersion of 10.2 km s −1 , while the former one has 223.1 and 16.2 km s −1 , respectively. We performed a series of numerical experiments by randomly extracting 74 stars (number of HB stars) from the 414 RC stars, and we found very stable values for the mean RV and the RV dispersion, namely 220.1 and 10.0 km s −1 . The current findings are providing an independent Figure 11 . Top panels-Left: Radial velocity map of the Carina old stellar population (HB, old RGB). The RV values were smoothed and color coded. Their range is plotted on the right y-axis. The black ellipse shows the Carina tidal radius, while the dotted lines the major and the minor axis. The extension of solid major and minor axis refers to the Carina core radius value (Mateo 1998 ). The red iso-contours display radial distribution of the old stellar population selected using photometric criteria (see Fig.9 ). The arrows display the Carina proper motion and its uncertainty according to Metz et kinematic support for the connection between red and blue RGB stars, selected according to the c U,B,I index, with old and intermediate-age stellar populations. In passing, we note that if the c U,B,I index in dwarf galaxies is mainly a metallicity indicator instead of an age indicator, the coupling of the more metal-poor subpopulation with old HB stars and of the more metalrich sub-population with RC stars is still in-line with the kinematic analysis we plan to perform. The results of this investigation are not affected by the selection criteria adopted to separate the quoted sub-populations.
The above arguments are soundly supported by the clear difference in the sky distribution between the old tracers (red RGB, HB, faint SGB; 2876 stars) and the intermediate-age tracers (blue RGB, RC, bright SGB; 3757 stars). The former one (left panel of Fig. 9 ) is characterized by a broad radial distribution and by isocontours showing clear evidence of asymmetries when moving toward the outermost galaxy regions. The latter one (middle panel) is more centrally concentrated and it shows smoother radial distribution as a function of the radial distance. The iso-contours of the entire sample of candidate Carina stars (right panel) shows several secondary features (double peak, changes in the position angle). Thus suggesting a more complex interaction among the different Carina sub-populations.
These findings fully support previous investigations concerning the difference between old and intermediate age stellar populations in Carina (Monelli et al. 2003) and in dwarf spheroidals (Hidalgo et al. 2013; Monelli et al. 2016 ).
RADIAL VELOCITY MAPS
The selection criteria described above allow us, for the first time, to handle a sizable sample of kinematic measurements of solid old candidate Carina stars (RGB+HB, 293 stars). The top-left panel of Figure 11 shows the RV map for the old stellar component. It was computed for every star in the sample by averaging over five nearest objects and smoothing with a Gaussian kernel in which the σ was assumed equal to the RV dispersion of the five nearest stars. The RV map is color coded and the RV range is plotted on the right y-axis. To guide the reader, we over-plotted the isophotal contours of the old candidate Carina stars on top of the RV map (see, Fig. 9) A preliminary analysis of the above maps suggests that the old sub-population displays a radial velocity distribution with a well defined peak located across the innermost regions of the galaxy. The RV map does not show a clear pattern, and indeed kinematically hot and cold spots are present in the same quadrant. This notwithstanding, there is evidence of a well defined increase in radial velocity inside the core radius (see the solid semi-axis). Indeed these regions in the I, III and IV quadrant attain RVs that are either equal or larger Figure 12 . Left-RV map of the ratio between Vrot and RV dispersion for the old stellar population plotted in the right panels of Fig. 11 . The peak of the RV distribution adopted to estimate the Vrot is also labelled. Middle-Same as the left panel, but for the intermediate-age stellar population. Right-Same as the left panel, but for the entire spectroscopic sample.
than the peak in the RV distribution of the old subpopulation (221.3 km s −1 ). A similar RV map was also computed for the subpopulation of intermediate-age candidate Carina stars (RGB+RC, 1096 stars). The middle panel of Figure 11 shows the RV map computed by averaging for every star in the sample the 25 nearest objects. For the intermediate-age sub-population we found a clear evidence of an axial rotation. In particular, we found two well defined regions covering the western (III and IV quadrants) and the eastern (I and II quadrant) side of the galaxy, with a mean radial velocity difference with respect to the RV peak of the intermediate-age subpopulation (220.7 km s −1 ) of -4 km s −1 and +5 km s −1 , respectively. We performed a number of tests to constrain the statistical significance of the above findings. In particular, we randomly extracted a sub-sample of ∼250 stars from the intermediate-age sub-sample and computed once again the RV map. We found that the difference in RV pattern between I+II quadrants and III+IV quadrants can be clearly detected in all of them. Note that the number of stars that we randomly subtract from the intermediate-age sub-sample is similar to the size the old age sub-population. We changed the number of stars randomly subtracted from 1/4 to 1/3 of the entire sample and we found once again the same RV pattern.
The top right panel of Figure 11 shows the RV map of the entire (old+intermediate-age) spectroscopic sample. The RV map is quite similar to the pattern showed by the intermediate-age sub-population. Thus suggesting that the global kinematical properties are mainly driven by this sub-population. Note that recent starformation history of this galaxy clearly indicates that the intermediate-age subpopulation includes the 70% of the entire stellar content of Carina (Small et al. 2013; de Boer et al. 2014; Savino et al. 2015) .
The bottom left panel of Fig. 11 shows the RV dispersion of the old sub-population. Data plotted in this panel show three interesting features: (a) the old subpopulation attains RV dispersions that are, as expected, larger than the RV dispersion of the intermediate-age subpopulation. (b) The largest RV dispersions are approached in the same regions in which the RV map suggested a steady increase in RV distribution. Interestingly enough, values larger than 15 km s −1 are attained in the I quadrant, in the regions located across the direction of the Carina proper motion (long blues arrows). However, the current uncertainties on the Carina proper motion do not allow us to constrain the above evidence. (c) There is evidence of a kinematically hot region in the first quadrant, for α=6 h 41 m 54.60 s and δ=-50
• 53 6.9 , and of a cold region in the third quadrant. We double checked the radial distribution of the hot and cold region and they appears real, since they are a mix of HB and old RGB stars. More firm conclusions require larger samples of old tracers.
The bottom middle panel of Fig. 11 shows the RV dispersion of the intermediate-age sub-population. The RV dispersion for this stellar component appears quite smooth and homogenous over the entire galaxy body. The RV dispersion of this stellar component is on average 50% smaller than the old sub-populations. The RV dispersion of the entire (old+intermediate-age, bottom right panel) spectroscopic sample is, once again, quite similar to the RV dispersion of the intermediate-age subpopulation.
To constrain on a more quantitative basis the kinematic properties of the two quoted sub-populations, we estimated their residual radial velocity by subtracting to the entire RV map the peak of their RV distribution, namely the quantity RV local mean − RV Carina . In the following we define such a residual radial velocity as "rotational velocity". The left panel of Figure 12 shows the ratio between the "rotational velocity" map and the RV dispersion map plotted in the bottom left panel of Fig. 11 for the old, sub-population. The range of values attained by the V rot /σ ratio are given on the the right y-axis. They are on average systematically smaller than 0.5. Thus suggesting that the old sub-population in Ca- Figure 13 . Top-Peak of the RV distribution as a function of the Carina galactocentric distance. The red stripe shows the RV for the old stellar population, while the blue one the RV for the intermediate-age and the black one the RV for the entire spectroscopic sample. The shaded areas take account of the uncertainties in RV distribution due to the random subtraction of contaminant field stars and to RV measurements. The arrow marks the position of the Carina core radius. Bottom-Same as the top panel, but for the radial velocity dispersion.
rina is pressure supported (V rot /σ<1) instead of rotation supported (V rot /σ>1). The same outcome applies to the intermediate-age population (middle panel) in which the ratio V rot /σ attains even smaller values. However, the asymmetry between I+II and III+IV quadrants is still quite clear. The entire spectroscopic sample (right panel) shows, once again, a pattern similar to the intermediate-age subpopulation.
The above evidence indicates that Carina is mainly a pressure supported stellar system. However, the occurrence of relic rotational map in the intermediate-age sub-population seems to be supported by the radial velocity map and by the V rot /σ map.
RADIAL VELOCITY VARIATIONS

Radial changes
To further constrain the kinematics of Carina subpopulations we decided to constrain the radial and the angular variations of both RV and RV dispersion. The top panel of Fig. 13 shows the RV variation as a function of the radial Carina distance. Note that the radial distance was estimated taking into account the position angle and the eccentricity (see Fabrizio et al. 2011) .
To avoid spurious fluctuations in the mean RV, we ranked the entire sample of old Carina stars as a function of the radial distance (r [arcmin] ) and estimated the running average by using the first 30 objects in the list. The mean distance and the mean velocity of the bin were estimated as the mean over the individual distances and RV measurements of the 30 objects included in the box. We estimated the same quantities moving by 5 objects in the ranked list until we accounted for the last 5 objects in the sample with the largest radial distances. The red shaded area shows the RV variation of the old sub-population and takes into account the intrinsic errors in the radial velocity measurements and in the possible field star contaminants. The approach adopted to constrain the latter uncertainty was already discussed in Section 5.
There is evidence that the RV of the old subpopulation after an initial increase in the innermost galactic regions (r<3 ) experiences a decrease of almost 8 km s −1 when moving from r∼3 to r∼6 . Moreover and even more importantly, the RV dispersion in the same regions decreases from ∼15 km s −1 to ∼10 km s −1 . Thus suggesting a strong correlation with the RV variation. Estimates available in the literature suggest that the core radius of Carina is r c ∼8.8 (Mateo 1998), however, the above evidence is suggestive of a more compact core region.
The RV of the old stellar component displays, at radial distances larger than the quoted secondary minimum, variations of the order of 2 km s −1 up to r∼15 . At larger distances the RV is steadily increasing until it approaches a broad secondary maximum (∼225 km s −1 ) and beyond a steady decrease until it approaches its absolute minimum (∼215 km s −1 ) in the outermost regions of the galaxy. The quoted radial variations indicate that the σ is almost constant over the entire region in which the RV shows the broad maximum. The RV and the σ approach their absolute minima towards the truncation radius of the galaxy (r t ∼28.8 ).
The approach adopted to compute the mean RV of the intermediate-age population is the same as of the old one, but the running average was computed including in the box 80 stars, and the box was moved in the ranked list of stars using ten stepping stars. The blue shaded area plotted in Fig. 13 shows the RV and the RV dispersion of the intermediate-age stellar component. The variation is smooth over the entire radial range covered by the current spectroscopic data. The variations in RV are on average smaller than 2 km s −1 , while the variations of the RV dispersion are smaller than 1 km s −1 . However, we do have evidence of a steady decrease in RV and of a steady increase in RV dispersion for radial distances larger than r∼14 . Note that these are the regions in which the old stellar component attains a broad maximum. Moreover, the σ of the intermediate-age component for r>14 displays a mirror trend compared with the RV, since it steadily increases and attain its maximum value (∼15 km s −1 ) in the outermost galactic regions. The black shaded area display a similar trend, but in dealing with the entire sample we included 100 objects in the box and assumed 30 stepping stars. This is the reason why the upper limit in radial distance is between the old-and the intermediate-age stellar component.
Angular changes
To further constrain the spatial variation in RV and in RV dispersion we also computed the running average as a function of the Carina angle. The main difference with the approach discussed in Sect. 6.1 is that we use a wedge instead of a box. We ranked the stars from the northern minor axis (0 • ) towards the eastern major axis (90 • ) and used the usual running average. For clearness, the quadrants were labelled as in Fig.9 . The angular variations of both old-and intermediate-age sub-populations were estimated including the same numbers of stars and the same number of stepping stars adopted for the radial variations (see Sect. 6.1).
The shaded areas plotted in Fig. 14 follow the same color code as in Fig. 13 . Data plotted in the top panel of Fig. 14 display even more clearly that the old stellar component (red area) experiences significant changes in RV inside the I and the III quadrant. The RV in the I quadrant moves from its absolute maximum to a secondary minimum and the variation is of the order of 8 km s −1 , while in the III quadrant it moves from a secondary maximum to its absolute minimum and the variation is quite similar. On the other hand, the RV in the II and in the IV quadrant shows a steady and smooth increase of a few km s −1 . The RV dispersion of the old sub-population is also quite interesting, since it attains its absolute maximum and minimum (∆σ ∼ 7 km s −1 ) across the sharp variation in RV of the I quadrant (50
• <θ<140
• ). On the other hand, the σ There is evidence of a steady decrease of RV when moving from the I to the IV quadrant. The global variation is of the order of 5 km s −1 , with the absolute maximum located in the I quadrant and the absolute minimum in the IV quadrant. The RV dispersion shows a different trend, and indeed its entire excursion takes place inside the first two quadrants, where it changes from ∼12 km s −1 at θ∼0
• to ∼6 km s −1 at θ∼120 • . The above empirical evidence are suggesting that the sharp changes in RV and in σ of the old sub-population are taking place along the direction of the Carina proper motion. Once again the intermediate-age population appears reminiscent of a rotation pattern and the variations are smooth across the body of the galaxy.
COMPARISON WITH N -BODY SIMULATIONS
In this section we present a preliminary comparison of the observed radial velocity distributions with N -body simulations described in Lokas et al. (2015) . The velocity and dispersion maps of Fig. 11 and the stellar density distributions of Fig. 9 show very similar characteristics to the dwarf spheroidal galaxies formed as a result of tidal interactions of an initially disky dwarf galaxy orbiting a Milky Way-like host (e.g., see Fig. 5 in Lokas et al. 2015 and Fig. 15 in Ebrová & . In this simulation (I0) the dwarf galaxy disk had an exactly prograde orientation with respect to the orbit and the galaxy underwent very strong transformation. At the first (out of five) pericenter passage the disk evolved into a bar which during the subsequent evolution became shorter and thicker. For the comparison with the data for Carina we used the simulation output saved after 8.5 Gyr from the start of the evolution, corresponding to the time after the fourth pericenter passage when the dwarf is at the apocenter of the orbit. At this time, most of the dwarf's initial rotation was already replaced by random motions and the simulated dwarf galaxy is approximately in equilibrium after being perturbed at the previous pericenter passage.
To properly compare theory and observations, the simulations were rescaled to the Carina distance (D =105±6 kpc, Pietrzyński et al. 2009 ). Moreover, the Carina barycentric velocity (220.7 km s −1 ) was also subtracted from the observed RV distribution. We investigated different lines of sight and the agreement between theory and observations was found to be best when the simulated dwarf galaxy was observed at an angle of 60
• with respect to the major axis of the stellar component, but keeping the observer on the orbital plane of the dwarf. • with respect to the major axis). The criteria adopted to select predicted velocities are discussed in detail in the text. Middle-Same as the top panel, but for the velocity dispersion. Bottom-Same as the top panel, but for the Vrot/σ ratio.
We constructed the radial velocity maps of the simulated dwarf following the same approach adopted for measuring the RV distribution (Fig. 11 ) and the RV dispersion (Fig. 12 ) of the observations. We randomly selected from the simulations a sub-sample of 2000 stars, i.e., a number of objects similar to the observed sample. In order to account for instrumental errors, the predicted RV measurements were convolved with a Gaussian distribution with a σ of 4 km s −1 . Figure 15 shows, from top to bottom, the maps for the rotational velocity, the velocity dispersion and the V rot /σ ratio for the selected simulation output. On top of the above maps we also plotted the surface density contours calculated from a larger sample of 36,000 stars, corresponding to the number currently available in photometric studies. Figure 16 shows the comparison between the rotational velocity, the velocity dispersion and the V rot /σ ratio measured in the core along the major axis of both the simulated and the real dwarf. Given the fact that the simulation discussed here was not performed to reproduce the observed properties of Carina, the similarity of the mock velocity maps and profiles to the real data for Carina is astonishing. The comparison strongly argues for a formation scenario in which Carina started as a disky dwarf and experienced strong, possibly multiple, tidal interactions with the Milky Way. As a result, it transformed from a disk to a prolate spheroid and its rotation was replaced by random motions. However, some residual rotation around the minor axis remained as a relic of its initial conditions. For this process to be efficient, Carina must have been accreted on a prograde, rather than a retrograde orbit . We performed several numerical experiments using N -body simulations with different initial conditions (prograde, retrograde orientations) and different epochs after the starting of their evolution. In some cases we found a good match either of the shape (I90) or of the V rot /σ ratio (I270). However, the best fit of both the shape and the kinematics is only obtained for the above prograde orbit.
SUMMARY AND FINAL REMARKS
We present new radial velocity measurements of Carina evolved stars using optical low-resolution spectra (R∼600) collected with VIMOS a multi-object slit spectrograph available at the VLT. The spectra were collected using the MR-GG475 grism, with a wavelength coverage of 4,800÷10,000Å. We secured, with ∼15 hr of exposure time, 2454 individual spectra for 332 stars. The targets have visual magnitudes ranging from V =20 to V =21.5 mag and they are either old HB stars or intermediate-age RC stars or RGB stars. The new data were complemented with archival optical mediumand high-resolution spectra collected with FORS2 (R∼2,500), GIRAFFE-LR (R∼6,500), GIRAFFE-HR (R∼20,000) and UVES (R∼40,000) spectrographs at VLT. The spectroscopic data were collected on a time interval of 12 years. We ended up with a sample of more than 21,000 spectra for 2112 stars.
The above data were complemented with radial velocity measurements for more than 1500 stars available in the literature and based on high-resolution spectra (Walker et al. 2007 ). As a whole we have radial velocity measurements for 2748 stars and among them 1389 are candidate Carina stars. The current spectroscopic dataset covers the entire body of the galaxy, with the high-resolution spectra that are more centrally concentrated, while medium-and low-resolution spectra approach the truncation radius.
Special attention was paid in the validation of radial velocity measurements among the different spectroscopic samples. Moreover, the sizable sample of targets in common allowed us to perform an accurate calibration of radial velocities based on low-resolution spectra.
We also took advantage of the superb multi-band (U B V I ) photometric catalog that our team collected during the last twenty years, and in particular, of the c U,B,I index to select candidate old and intermediateage sub-populations.
Interestingly enough, we found that the radial velocity distributions of "cooler" and "hotter" (according to the c U,B,I index) RGB stars attain dissimilar values for (biweight) mean RV and dispersion and they are different at the 99% confidence level. On the other hand, the distribution of "hotter" RGB stars shows a standard deviation similar to RC stars, that are intermediate-age tracers, distribution. The same accounts between the distributions of "cooler" RGB and HB stars, that are old stellar tracers. This result provides an independent kinematic support to the use of c U,B,I as either an age and/or a metallicity indicator.
The photometric and kinematic selections allowed us to build a sample of ∼300 old (HB+RGB) and of ∼1100 intermediate-age (RC+RGB) stellar tracers. The RV distribution of the old sub-population attains peaks inside and outside the core radius that are slightly larger than for the intermediate-age sub-population, but the difference is smaller than 1σ. However, the standard deviation of the former sample is systematically larger (2-3 km s −1 ) than the latter one. The RV map of the old sub-population does not show evidence of a pattern, it is characterized by an unevenly distribution of hot and cold spots across the body of the galaxy. The RV dispersion attains values larger than 15 km s −1 in the direction of the Carina proper motion. However, the current uncertainties on proper motion do not allow us to constrain this empirical evidence.
The RV map of the intermediate-age sub-population shows evidence of an axial rotation between the western (III and IV quadrant) and the eastern (I and II quadrant) side of the galaxy. The difference in RV between the main peak and the above regions is of -4 and +5 km s −1 . The RV dispersion of the intermediate-age sub-populations has a smooth variation across the entire body of the galaxy. Inside the core radius it is roughly 50% smaller than the RV dispersion of the old stellar component.
The RV maps were also adopted to estimate the rotation velocity, i.e., the difference between the local value of the RV and the main peak of the Carina RV distribution. We found that both the old and the intermediateage sub-populations attain values of the V rot /σ ratio that are systematically smaller than one, thus suggesting that Carina is a pressure supported instead of a rotation supported stellar system.
The kinematics of the old sub-population shows a complex variation as a function of the radial distance. The RV and the RV dispersion display their entire excursion inside the core radius. The same parameters show changes of the order of 2 km s −1 in the outer most regions and attain their absolute minima across the truncation radius. On the other hand, the intermediate-age sub-population shows smooth radial variations, but for radial distances larger than 15 the RV is steadily decreasing by more than 3 km s −1 while the RV dispersion is steadily increasing by more than 4 km s −1 . The old stellar component also shows a complex angular variation. It experiences significant variations both in the I and in III quadrant with RV that changes inside the above gradients by ∼8 km s −1 . The RV dispersion shows similar variations in the I quadrant, but they are significantly smaller in the III one. Firm conclusions concerning the difference do require larger samples of the old sub-population. The intermediate-age stellar component shows, once again, smooth angular variations. It is worth mentioning that the RV dispersion of this sub-population shows a trend similar to the old subpopulations in the first two quadrants. However, both the absolute maximum and the absolute minimum do not appear to be symmetric, and indeed the extrema of the former component anticipate the latter ones.
In order to provide more solid constraints on kinematical structure of Carina, we performed a detailed comparison between observed and predicted RV distributions based on N -body simulations for a former disky dwarf galaxy orbiting a giant Milky Way-like galaxy re-cently provided by Lokas et al. (2015) . In the comparison with Carina, we selected a simulation in which the dwarf galaxy disk had a prograde orientation with respect to its orbit and 8.5 Gyr after the start of its evolution, i.e., after its fourth pericenter passage. We found that the best fit between theory and observations is attained when the simulated galaxy is viewed at an angle of 60 degrees with respect to its major axis.
The values attained by the predicted V rot /σ ratio are in remarkable agreement with observations over the central regions of the galaxy (-10 r 10 ). This finding becomes even more compelling if we take account for the fact that the adopted theoretical framework is not specific for Carina. Moreover and even more importantly, it is strongly suggesting that the current Carina dSph was a disky dwarf galaxy that underwent several strong tidal interactions with the Milky Way. These interactions transformed Carina from a disky to a prolate spheroid and its rotational velocity was steadily transformed into random motions. The rotational velocity we detected along the major axis is still a relic of its initial conditions.
Our findings make Carina an excellent example of the process of the formation of dwarf spheroidal galaxies via tidal stirring of disky dwarfs. This argument is further supported by the fact that recent estimates indicate that the Carina kinematics is strongly dominated by its dark matter halo. Indeed, Lokas (2009) , using the radial velocity distribution provided by Walker et al. (2009a) and assuming that mass follows light, found a mass-toluminosity ratio M/L=66±31 (solar units). The above hypothesis that mass follows light is quite plausible for strongly tidally stirred stellar systems like Carina, since the dark matter halo is trimmed down and it does not extend well beyond the stellar component.
The increase in the sample size and in the spatial sampling is suggesting an increase in the RV dispersion. This would imply a steady increase in the M/L ratio. However, current findings are suggesting that the RV dispersion of the old stellar component is systematically larger than the RV dispersion of the intermediate-age component. The latter sample account for at least two third of the Carina stellar content, thus suggesting that a detailed knowledge of the kinematics of the different stellar components is mandatory to constrain the M/L ratio of nearby stellar systems. The increase in sample size and in spatial coverage implies a steady decrease in the sampling error associated with the M/L ratio.
In a forthcoming investigation, aimed at specifically reproducing Carina, we will use N -body simulations including gas dynamics and star formation to model different stellar populations, as well as the known constraints on the Carina's orbit to study the possible contamination from the tidal tails (Klimentowski et al. 2007 (Klimentowski et al. , 2009 ). This is an ambitious project, because it requires a substantial improvement in the sample size of the old stellar component and in the galaxy regions located across and beyond the truncation radius. The observing and data reduction strategy we devised with VIMOS appears a very good viaticum. It goes without saying that the use of the ground layer adaptive optics facility at UT4 of VLT (GRAAL, Siebenmorgen et al. 2011 ) and the new integral field spectrograph MUSE (Bacon et al. 2006) will also open new paths in constraining the kinematic properties of nearby dwarf galaxies.
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